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A memory system is provided for storing multiple data 
types. The memory system includes a main memory, a local 
cache, and a translation unit. The local cache has multiple 
entries, each of Which includes a data ?eld to store data and 
a status ?eld to indicate a storage state for the stored data. 
The translation unit includes a translation lookaside buffer 
(TLB) and a status-cache (STC). The TLB stores address 
translations for data in the main memory, and the STC stores 
storage states for data indicated by the address translations. 
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MEMORY SYSTEM FOR MULTIPLE DATA 
TYPES 

The present patent application is a Divisional of prior 
application Ser. No. 09/608,787, ?led Jun. 30, 2000, now 
US. Pat. No. 6,557,083, entitled Memory System for Mul 
tiple Data Types. This patent application is related to US. 
Pat. No. 6,724,391), entitled, Mechanism for Implementing 
Z-Compression Transparently, assigned to the same assignee 
herein, and ?led on Jun. 30, 2000. This patent application is 
also related to US. Pat. No. 6,580,427), entitled, 
Z-Compression Mechanism, assigned to the same assignee 
herein, and ?led on Jun. 30, 2000. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to memory systems and, in 
particular, to memory systems for storing data of different 
types in a single cache. 

2. Background Art 
Available computer systems typically include dedicated 

graphics resources to support the graphics-intensive appli 
cations that are prevalent today. Graphics applications, par 
ticularly those providing 3D effects, require rapid access to 
large amounts of graphics data. 

Astandard method for generating a 3D image begins With 
sets of primitives that represent the surfaces of each object 
in the image. Primitives are typically polygons such as 
triangles or rectangles that may be tiled to form a surface. An 
object that has a moderately complex shape may require 
thousands of primitives to represent its surface, and an 
image that includes multiple objects may require tens or 
even hundreds of thousands of primitives. Depth, color, 
texture, illumination and orientation data for each of these 
primitives must be processed and converted to pixel level 
data to generate a 3D image on a display device. 

Image processing is often implemented through a 3D 
pipeline that includes a geometry or set-up phase and a 
rendering or scan-conversion phase. In the geometry phase, 
the orientation of each primitive and the location of any light 
sources that illuminate the primitive are determined With 
respect to a reference coordinate system and speci?ed by 
vectors associated With the primitive’s vertices. This vertex 
data is then transformed to a vieWing or camera coordinate 
system and rotated to a desired orientation. 

In the scan conversion phase, the graphics primitives for 
each object in an image are converted into a single set of 
pixel values that provide a 2D representation of the 3D 
image. The pixels that make up the 2D image are typically 
stored in the entries of a frame buffer from Which the display 
is generated. A Well-knoWn mechanism for populating the 
frame buffer generates color values for each location of a 
primitive by interpolating the transformed vertex data for the 
primitive. Since primitive locations are speci?ed in 3D 
space, multiple primitive locations may map to the same 
frame buffer entry (pixel) of the 2D display surface. The 
generated color value for a primitive location is stored in the 
frame buffer entry to Which it maps or discarded, according 
to Whether or not it is visible in the ?nal image. During this 
phase, texture data may also be determined for the primi 
tives. 

One technique for determining Which locations of each 
primitive are visible in the ?nal image employs a Z-buffer. 
The Z-buffer includes an entry for each pixel in the frame 
buffer. Each Z-buffer entry is initialiZed to Zero or other 
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2 
reference value. Often, the reference value represents a back 
clipping plane of the image. During scan conversion, a 
Z-value is determined for each location Within the primitive 
and compared With the entry in the Z-buffer to Which the 
primitive location maps. If the value in the Z-buffer is closer 
to the vieWer than the Z-value determined for the corre 
sponding primitive location, the primitive location is not 
visible in the ?nal image, and its color value is discarded. If 
the value in the Z-buffer is further from the vieWer than the 
Z-value determined for the corresponding primitive location, 
the color value for the location is stored in the appropriate 
entry of the frame buffer. If the color value is not replaced 
before scan conversion completes, it is displayed in the ?nal 
image. 

Signi?cant amounts of texture, color and Z-data are trans 
ferred betWeen memory and the graphics resources during 
the rendering stage. Since there may be tens to hundreds of 
pixels per primitive, these data transfers can place signi?cant 
burdens on the bandWidth of the memory channel. The 
consequent reduction in memory bandWidth can reduce the 
performance of the graphics system. This is particularly true 
if the graphic system is implemented in a computer system 
that employs a uni?ed memory architecture (UMA). For 
UMA-based computer systems, the central processor unit(s) 
(CPU) and graphics engine have equal access to main 
memory. Memory demands by the graphics engine can 
reduce CPU performance. In addition, memory demands by 
one unit of the graphics engine can reduce the performance 
of other units. For example, any bandWidth used to transfer 
Z-data for Z-testing is unavailable to the unit that determines 
pixel textures, and the loss in bandWidth can reduce its 
performance. 

The present invention addresses these and other issues 
associated With memory bandWidth in graphics systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be understood With reference 
to the folloWing draWings, in Which like elements are 
indicated by like numbers. These draWings are provided to 
illustrate selected embodiments of the present invention and 
are not intended to limit the scope of the invention. 

FIG. 1 is a diagram representing one mapping betWeen the 
locations of a primitive and blocks of pixel-level data. 

FIG. 2 is a schematic representation of a graphics pipeline 
suitable for scan converting primitive data into pixel data. 

FIG. 3 is a block diagram of one embodiment of a 
computer system that implements a Z-compression mecha 
nism in accordance With the present invention. 

FIG. 4 is a block diagram of one embodiment of a 
Z-compression system in Which blocks of Z-data and their 
associated status data are distributed betWeen a local cache 
and a main memory. 

FIG. 5A is a block diagram of one embodiment of a local 
cache system to store both Z-data values and associated 
status values. 

FIG. 5B is a block diagram representing a mechanism for 
updating the local cache system of FIG. SA on a TLB miss. 

FIG. 6A is a schematic representation of another embodi 
ment of a local cache system to store both Z-data values and 
associated status values. 

FIG. 6B is a state machine representing the state changes 
for the entries of the local cache of FIG. 6A. 

FIG. 6C is a schematic representation of a mechanism for 
updating the local cache system of FIG. 6A on a TLB miss. 

FIG. 7 is one embodiment of a memory map that is 
suitable for storing status values for data blocks in a linear 
memory region. 
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FIGS. 8A and 8B represent embodiments of 16-bit and 
32-bit Z-data formats that may be compressed using a 
mechanism in accordance With the present invention. 

FIG. 9 represents one embodiment of compressed format 
for Z-data that may be used by a system implementing the 
present invention. 

FIGS. 10A—10C are ?oWcharts representing embodi 
ments of methods for implementing memory reads, memory 
Writes, and status updates for blocks of Z-data. 

FIG. 11 is a ?oWchart representing one embodiment of a 
method for implementing Z-compression transparently 

FIG. 12 is a ?oWchart representing one embodiment of a 
method for implementing accesses to the Z-buffer transpar 
ently 

FIGS. 13A—13C are ?oWcharts representing embodi 
ments of different methods for clearing the Z-buffer trans 
parently. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing discussion sets forth numerous speci?c 
details to provide a thorough understanding of the invention. 
HoWever, those of ordinary skill in the art, having the bene?t 
of this disclosure, Will appreciate that the invention may be 
practiced Without these speci?c details. In addition, various 
Well-knoWn methods, procedures, components, and circuits 
have not been described in detail in order to focus attention 
on the features of the present invention. 

FIG. 1 is a schematic representation of a graphics primi 
tive 100 and a subset of data blocks 110(a), 110(b) 
(generically, “data blocks 110”) to Which corresponding 
locations (X, y) in primitive 100 are mapped in a vieWing 
coordinate system. Multiple graphics primitives 100 are 
used to approximate the surface of an object that is to be 
represented in an image. While graphics primitive 100 is 
shoWn as a triangle, it is Well knoW that any type of polygon 
may be used to represent the surface of an object. Similarly, 
embodiments of the present invention are illustrated With 
reference to data blocks 110 comprising 4x4 arrays of pixels 
(spans), but other data block con?gurations may also be 
used. 

Colors, texture coordinates, and depths (c, t, Z) are asso 
ciated With vertices 120(a), 120(b), 120(c) of primitive 100. 
Other attributes, such as fog and alpha (not shoWn) may also 
be assigned to vertices. These vertex properties are then 
interpolated to provide values for all primitive locations (X, 
y), Which may be mapped to the pixels of data blocks 110. 
For the disclosed representation, data blocks 110(b) are 
spans for Which all component pixels are mapped from 
locations Within primitive 100. Data blocks 110(a) are spans 
for Which pixel values are mapped from locations that 
straddle one or more boundaries of primitive 100. That is, 
not all pixels of data blocks 110(a) correspond to locations 
Within primitive 100. 

FIG. 2 represents one embodiment of a graphics process 
ing pipeline 200 to implement scan conversion. Z-data is 
read 210 from the entries of a Z-buffer to Which a given 
primitive maps. Vertex data for the-primitive is interpolated 
220 to generate, e.g. color, texture, and Z data for each 
primitive location. For example, Z-data for each location (x, 
y) of a primitive may be generated from the primitive’s 
vertex data, using a surface function of the form Z=CO+ 
Cx~x+Cy~y, as discussed beloW. Color values and texture 
coordinates may be generated for each location during this 
stage as Well. 
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4 
In subsequent stages of pipeline 200, image-re?ning 

techniques, such as texture mapping, bump mapping, alpha 
blending and the like, may be executed 230. A Z-test 240 
determines Which locations of the primitive, if any, contrib 
ute their color values to the frame buffer, i.e. Which portions 
of the primitive Will be visible in the 2D image. If the 
Z-value determined for a location passes the Z-test, the 
appropriate entries in the frame and Z-buffers are updated 
With the color and Z-values, respectively, of the primitive 
location. OtherWise, the values are discarded. 
The transfer of graphics data betWeen the graphics engine 

and memory locations in the frame and Z-buffers, reduces 
the available memory bandWidth. For memory architectures 
like UMA, this reduction can have a detrimental effect on a 
computer system’s overall performance. Various methods 
have been proposed for reducing the bandWidth impact of 
texture data transfers. The present invention provides a 
mechanism for reducing the impact of depth-buffering and 
its associated data transfers on system performance. 

FIG. 3 is a block level diagram of one embodiment of a 
computer system 300 that implements Z-compression in 
accordance With the present invention. Computer system 
300 includes a processor core 310, a graphics core 320 and 
a memory system 330. Processor core 310 and graphics core 
320 are coupled to a bus or memory channel 340 to transfer 
data to and from memory system 330. The dashed line 
indicates a boundary of an integrated circuit die 370 for an 
embodiment of computer system 300 in Which processor 
core 310 and graphics core 320 are integrated on a single 
chip. This embodiment of computer system 300 is likely to 
implement a uni?ed memory architecture (UMA), for Which 
the features of the present invention may provide signi?cant 
advantages. The present invention is not, hoWever, limited to 
computer systems that employ integrated graphics and pro 
cessor cores or UMA. 

For the disclosed embodiment of computer system 300, 
memory system 330 is shoWn straddling a boundary of die 
370 to indicate that it may include on-chip and off-chip 
components. For example, memory system 330 typically 
includes one or more caches located on circuit die 370 and 

a main memory that is located on a separate circuit die. 
Memory system 330 further comprises a Z-buffer 350 and a 
Z-status table (ZST) 360, portions of Which may be distrib 
uted betWeen on and off-chip memory structures (FIG. 4). As 
discussed beloW in greater detail, ZST 360 provides status 
information for associated entries in Z-buffer 350. This status 
information may be used to reduce or eliminate data trans 
fers on memory channel 340. 
One embodiment of ZST 360 includes entries to track a 

current status for each block of Z-data stored in Z-buffer 350. 
The status indicates hoW the corresponding Z-data block is 
stored and may be used to manage the transfer of data 
betWeen graphics core 320 and memory 330. The status may 
indicate, for example, Whether Z-data for a particular span is 
in a compressed format or an uncompressed format, or 
Whether it has a reference value that may be provided from 
a local storage location, such as a register. Compressed 
Z-data may be transferred With signi?cantly loWer impact on 
the bandWidth of memory channel 340 than uncompressed 
data. Further, Z-data that is available in, e.g., a local register, 
need not consume any memory bandWidth at all. One or 
more components of graphics core 320 use ZST 350 to 
manage Z-data transfers more efficiently and With loWer 
impact on the bandWidth of the memory channel. 

For one embodiment of ZST 360, each entry stores a 2-bit 
status code to indicate a data status for a corresponding data 
block. Table 1 summariZes one set of 4-bit status codes that 
may be used. 


















